It was needed especially for mechanical gauges with inductors. The operator panel made as part of the work cooperates with the Polish software MaSzyna [3] . It is open source application which provides many possibilities of locomotive control on the screen. The application communicates with mechanical control panel by microcontroller via Virtual COM Port.
Construction of the simulator control panel
In order to make the storage and transport of the desktop easier, the author decided on a modular design of the desktop. The desktop can be divided into 5 parts that are comfortable during transport:
-Main module -the longest element with a power supply and main control module, equipped with a panel with lighting and heating switches (vertical panel), electrical meters and manometers -Hasler Bern RT9 -registering speedometer mounted to the main module -Brakes module -main brake valve, locomotive brake valve and the siren valve: high and low tone -Travel adjuster module -main drive controller, drive direction change and decreasing of the excitation field of truction motors (shunting) The choice of the simulator (software) was influenced by the cost of its purchase, the realism of the simulation (mainly the mapping of motion physics) and the control enabling the bi-directional data exchange between the hardware and the software.
Commercial software such as Microsoft Train Simulator, Auran Trainz or Railworks provides a high level of realism and generated image. The inability to make changes in the program code, hence changes in the method of controlling and obtaining indications of controls and meters excludes the use of this type of software. The simulator (part of the cabin along with the softwaresee Fig. 1 ) enables faithful devotion to the realities of driving this series of locomotives. Appearance and placement of items on the desktop reflect the true distribution of accessories in the driver's cab.
Hardware interface
The hardware interface consists of 4 elements, powered from a common power supply:
-Main controller -is responsible for communication with the computer, reads the position of the brake taps, buttons and switches on the desktop, controls the electrical meters and controls on the desktop, connects and controls other modules; -Pressure gauge controller -control of ACG (Air Core Gauge) equipped with potentiometers for calibration of meters; -Speedometer controller -it controls a three-phase, permanent-magnet synchronous motor (PMSM) that drives the recording speedometer (Hasler Bern RT9); -Adjuster controller (driving, direction and shunting) -reading the current position of adjusters The main controller (Fig. 2) is based on the ATMega 2560 microcontroller, communicating with the computer via USB thanks to the FT232RL chip. Brake taps are connected to analogue inputs -calibration is available from the PC software level. Due to the large number of buttons and switches that had to be derived, the 74HC165 (parallel-in/serial out shift register) and 4094 (shift-and-store register) chips were used as the I/O expansion modules. The function of analog outputs is performed by 16-bit PWM outputs.
The pressure gauge driver (Fig. 3) was built on CS8190 chip -a single ACG controller with an analogue input. The TL071 operational amplifier operates in the configuration allowing adjustment of gain and DC offset. Speedometer controller (Fig. 4) is a dedicated three-phase inverter, which communicates with the main controller via UART (Universal Asynchronous Receiver-Transmitter) bus. Power output is the quadruple half-bridge H built on the L6205D chip. Control and communication with the main module is provided by the ATMega168 microcontroller. The microcontroller controls the H bridges using PWM (Pulse Width Modulation) signals about 62,5 kHz (see Fig. 5 ). If we average the output signal we get trapezoidal waveform. Phase shift between phases is 120 degree.
The module of adjusters is a set of three specially designed optical encoders built with slot optocouplers. The power supply module consists of a switched mode power supply with regulated output voltage and 4 step down DC-DC converters built on the A8498 chip.
Software interface
The main program of the controller starts with System_Init() function which is responsible for I/O ports initialization. Next USART, SPI (I/O), timers PWM, ADC converter and global variables are initialized (see Code 1) . The interrupts are enabled (sei()) and first data conversion is started (ADC_Start()). It is necessary because ADC is running in interrupt mode. In infinite while loop, I/O support is perform with a delay. If all data are receive (bit NEW_DATA is set in myReg variable) them timers and speed data are refreshed and them bit is cleared. Data transfer frequency is set in MaSzyna config file and default value is 20 Hz. Communication is initiated by computer whith MaSzyna software running, which send first byte of data to main controller via virtual USB COM Port. Then automatically receives first byte of data from main controller. Communication is continued until all data are sending in both directions (see Fig. 6 ), without unused data at the end of the data frame.
The communication is handled in the interruption, so it does not affect other functions (see Code 3). Receiving data updates the PWM timers outputs and the speedometer. The current settings are constantly read in the main loop. An exception are analog inputs, which are handled in the interruption. Sci, Tech. Innov., 2018, 2 (1), 54-58 www.stijournal.pl
Conclusions
Project described in the paper shows a possibility build a low cost locomotive simulator based on real components and open source software at lower cost than professional systems. Simulator provides realistic experience of locomotive behaviour. Few train drivers were invited to test developed prototype. Their evaluation is satisfying -the simulator while driving, does not deviate from the original. Other enthusiasts interested in building own simulator can use the same software, that is realistic and provides good graphic details. It is usually used Arduino platform as a main controller in simulator, because it is easier for programming.
